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GLAISTER DH, JOBSIS-VANDERV LIET FF. A near-infrared spectropho-
tomelric method for studving brain O sufliciency in man during +G:
acceieration. Aviat. Space Environ. Med. 1988: 59:199-207.

A techrique for the noninvasive monitoting ot cerebral cxygen
stotus was evaluated on volunteer subjects on the USAF Schr.ol of
Aerospace Medicine centrifuge. By usiig mulliwaveleng'!i near-
intrared specirophotometrty. the instrumentiation measursd
changes in ihe quantifies of reduced and oxygenated hemogio-
bin (and their rum, an indicator of cerebral biooda volume), and
the guaniity of oxidized cytochrome ¢ oxidase wilihin the fore-
brain. 19sfs used accelarction of up to 9 G with onset rates from
0.4 i0 5.0 G*s~', an1l-G sulls ana slitaining maneuvers, ana hyper-
oxic and hypoxic oreathing mixiures. in general, +Gz acceleration
produced @ 13!l in blood volume within the cerebral microcircu-
lation with a reiclive increase in the content of reduced hemogio-
bin and a tendency fowards reduction ot cytochrome ¢ oxidase.
These finding: cre discussed in telation to accepted changes in
anlerici blood pressure, cnrebral blood flow, anc arteral oxygen
scturation caused by acceleration exposure.

CEREBRAL DX YGEN sufficiency is of the utmost im-

nortance to the maintenance of performance in air-
crew, yet may be compromised by several common fight
stre.ses. While excessive +Ga acceleration 1. the most ob-
vious cause for inadeyuate cerebial blood flow in fighter
aircrew, G-induced right-to-left shunts, altitude hypoxia,
hyperventilation, or toxic fumes may all reduce the oxygen
suppl™ to brain tissue. Hlowever, despite zeromedical rele-
vance, cerebral blood flow and cerebral oxygen status have
received scant attertion, undoubtedly because or the hith-
erto complex, invasive, and hazardous procedures necessary

This manuscript was received for review in March 1687. The revised
manusaipt was accepted for publication ir: June 1987,
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for their investigation. This state of affairs may be corrected
by the application of a noninvasive technique utilizing
multiwaveiength near-infrared transmission spectropho-
tometry,

In the ncar-infrared (NIR) range of 700-1.300 nm. a
significant amount of radiation can be transmitted through
several centimeters of tissue. Fortuitously. both oxygenated
and reduced hemogiobin (HbO: and Hb) exhibit weak
absorption activity in this part of the electromagnetic spec-
trum, Hb having a peak at 760 nm which disappears upon
cxygenation, while HbO- has a broad band of absorption
around 900 nm (Fig. 1).

The final step in the chain of metabolic reactions which
lead to the production of rarbon dioxide and water occurs
when cytochrome ¢ oxidase (also known as cytochrome
a,3;) reacts directly with molecular oxygen. This reaction
relcases energy available to the tissue in the form of high
energy phosphate bonds. and accounts for more than 90%
of the tissue’s oxyvgen uptake. Oxidized cytochrome ¢ oxi-
dase also has a weak absorption band in the near infrared
(780-870 nm) which disappears upon reduction (Fig. 1).
Thus, changes in absorption at selected NIR wavelengths
can be used to determine the redox status of both hemoglo-
bin and cytochrome ¢ oxidase through several centimeters
of tissue (8). While reduced cyviochrome ¢ oxidase does not
have a specific absorption peak in the NIR region, its
presence may be assumed from the disappearance of the
oxidized cytochrome signal; for, uniike hemoglobin, this
chromophore remains fixed in the tissue. Further details of
the methodology are ziven elsewhere (10).

While cells in skin and bone contribute 10 the NIR
absorption, bone contains relatively little blood and ¢yto-
chrome; and cat studies have confirmed that the skull
contributes none to ihe latter and no mare than 5% to the
blood signals (10). Again, cytochrome g is practically
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fig. 1. Neat-infrared absorption spectira for hemoglobin (Hb),
oxyhemogtobin (HDO,), and far oxidized minus reduced cyto-
chrome ¢ oxidase (9.Q.s). (not to scale).

indetectable in skin (9) and the contribution from blood in
the overlying scalp can be minimized by applying the fiber
optic terminations, or “optrodes.” with sufficient pressure
to cause local blanching. Hence. the major part of the
received signal comes from the brain cortex. Studies at Duke
University Medical Center (unpublished observations) have
shown that in the cat. and presumably also in man, the
normal resting contribution to the blood signal constitutes
approximately 75% Hb and 25% HbO;. Thus, the technique
appears to be biased tcwards the venous end of the cerebral
microcirculation, so yiclding information which should cor-
relate well with the oxvgen status of the brain cells rather
than with that of the incoming arterial blood. This report
considers the application of muitiwavelength aear-infrared
transmission spectrophotometry to human subjects exposed
to +G. acceleration stress on the USAF School of Aerospace
Medicine centrifuge. It is not intended as a comprehensive
evaluation, but to demonstrate the potential of the tech-
nique as a too! for aerospace research. The device used was
an OMNI-4 (Oxidative Metabolism Near Infrared ucing
4 wavelengths.)'

' The OMNI-4 was developed by cne of the authcrs an< his. col-
leagues at Duke University Medical Center. through the International
Instrumentation Laboratory, Inc., under USAF contract F33615-82-
D-0637. Task 47.

MATH L v e A F e e e M TURY

MATERIALS AIND METHODS

The optics unit of the OMNI-4 produces four wavelengths
of NIR light centered at 775, 815, 870, and 910 nm, using
pulsed laser diodes, The emerging light is combined and fed
to the subject’s forchead in a single {iber optic bundle,
3.0 mm in diameter and 3.7 m in length. Energy levels
applied to the foreheuad are less than for normal sunlight,
but are effective because the energy is pulsed and has a
narrow bandwidth. Light ceflected from the skin at the entry
optrode passes back through the bundle to a photodiode,
the output of which is used to regulate the laser iritensity

=~ ——— ~—-and to-become-the reference signal-for subsequent compu-__

tation. NIR light transmitted through the skin, skull, and
brain tissue is collected at an exit optrode and led through
a S-mm-diameter fiber optic bundle to a detector photo-
multiplier. The output of this device is preamplified, de-
modulated, and amplified, the four wavelength sigrals are

_ . then ratioed to their respective reference signals and ex-

“pressed as logarithmic functions (optical density being log- -

arithmically related to light transmission). Algorithms are
the:: applied to vield signals which represent changes in the
concentrations of Hb and HbO,, their sum (which repre-
sents changes in blood volume in the tissue given that the
hematocrit remains constant), and the redox status of cy-
tochrome ¢ oxidase. Each complete cycle requires 1.024 ms:
but a sufficient number of values are summed to give a
smooth output. and further smoothing is applied through
the use of a 1.0-s time constant. Outputs are displayed on
digital voltmeters and recorded in analog form on a strip-
chant recorder.

Because each of the output channels is based on weighted
changes in optical density measured at each of the four NIR
wavelengths, and the fength of the intracerebral lightpath is
unknown, the recordings cannot be scaled in absolute units.
but only in terms of “variation in density” (*/4, coamonly
veferred to as “Vanders™) caused by changes in the concen-
trations of the refevant chromophores in the transillumi-
nated tissue. One Vander represents a 10-fold change in the
computed signal. Although not interpretable in absolute
concentration terms, the observed changes are internally
consistent, i.¢. linearly related to concentration.

Initially. the optrodes were mounted in an aircrew pro-
tective helmet (type HGU-26). Subsequently, they were
attached to the inside of the browband of a lightweight head
harness using dental registration material (Express; 3IM).
The optrode centers were 43 mm apart on the forehead and
between 25 and 35 mm supenor to the upper margin of
the orbit.

Acceleration exposures were conducted on USAFSAM’s
6.1-m radius centrifuge, the OMNI-4 units being mounted
on the forward racking while the subject sat in a conven-
tional ejection seat with the back at an angle of 15° from
the vertical. The OMNI-4 outputs were recorded via slip-
rings, together with acceleration level, two channels of clec-
trocardiogram, and beat-by-beat heart rate. Visual loss in-
duced by +G: acceleration was estimated by using a con-
ventional horizomal light bar. The subject fixated on a
central red light and observed changes in its brightness, and
that of two peripheral green lights which subtended a visual
angle of 50°. The voiuntary informed consent cf the subjects
used in this research was obtained in accordance with AFR
169-3.

“ i
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" The possible sensitivity of the basic OMNI-4 instrumen-

@tion to inertial forces was evaluated by clamping the
optrodes across a stack of white card discs in a light tight
box to simulate the NIR absorption of skull and brain tissue.
The number of discs was chosen so that the high voltage
setting required for the photomultiplier was the same as that
ased for a human subject. Gain settings were 0.2 ¥/, for full-
scale deflection of the pens. Centrifuge runs were carried
out at up to 9 G with onsct rates of | G*s™' and 30-s
plateaus. No deflections related to G were noted n any of
the OMNI-4 outputs.

With human subjects. and despite the use of a lightweight
op.rode mount. deflections were seen which were related to

the_onset and offset of G, and which_could be reproduced

by applying and releasing downward pressure to th= optrode
assembly. Thesc motion artifacts were completely a.olished
when the optrode mount was braced by a rod attached to a
dental bite plate. All the reported centrifuge results were
obtained on three subjects fitted with this device.

RESULTS

Shown in Fig. 2 is the response of a subject to a gradua!
increase in acceleration (0.1 G<s™') termuinated w..<n he lost
central vision (blackout). All three btood channels—Hb,

ACCELERATION

HbO:. and cerebral blood volume (CBV)-—show decreases
with increasing acceleration. although HbO, falls more than
does Hb. Return to | G led to recovery of all three meas-
ures. Cvtochrome ¢ oxidase shows a trend towards reduction
starting at about +4G., and retarns to bascline by way of a
prolonged overshoot. Fig. 3 illustrates a similar run on
another subject who did not blackout until +8.0G:. The
blood signals show a similar pattern of changes, though
greater in degree. However, the cytochrome ¢ oxidase
changes werc reversed with both Hb and CBV exhibiting
pronounced overshoots before regaining iheir baselines.
Shown in Fig. 4 are runs using a rapid rate of G onset.
Panel A is the response to a 30-s platcau of +5G.. attained

~at 1 Ges~' with the subject unprotected and straining 1o the

minimal extent required to maintain central vision. He lost
100% of the peripheral lights and 80% of the central red
light. Panel B shows a similar run with the same subject
wearing an inflated anti-G suit: only 50% of the peripheral
lighits was lost. In panel C he wore an anii-G suit and
performed a maximal anti-G straining mancuver (AGSM);
there were no visual symptoms. Finally, panel D shows the
response to +5G: attained at an onset rate of 5.0 G*s™', no
anti-G suit was worn and only minimal straiming was carried
out. He los* .00% of both peripheral and central lights and

e\

e
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Hb
e [ - T T —
0.5 v/p
HbO,

Fig. 2. The effect of a gradual
onsel of acceleration (0.1 G-s™Y
on subjec! JW. From above, down-
wards, the records show applied
acceleralion. the quantities ot Hb
— and HbO; in the forebrain, the re-

gional blooc volume (CBV), the
quanlity of oxidized cytochrome ¢
oxidase (.9s). and heart rate (HR).
The OMNI-4 signals are to the same
scale.
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ACCELERATION

HbO,

B8v

0.5V/b0  onsel of acceteration (0.4 G-s~")
on subject DG. From above, down-
wards, the recotds show applied
acceleration, heart rate (HR), the
quantities of Hb and HbO; in the
forebrain, the regional blood vol
ume (BV), and the quanlily of oxi-
dizedcylochrorae¢ oxidase (9,93).
The OMNI-4 signals are to the some

scale.
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terminated the run when he felt close to losing conscinus-
ness. All acceleration exposures caused falls in the three
blood channels which were greater for HbO, than for Hb;
and return to | G was associated with overshoots for Hb
and blood volume. However, the use of an anti-G suit
reduced the magnitude of «\ne blood changes by some 40%.
The petformance of an AGSM (panel C) led to even smaller
changesin outputs, Hb actually rising above its control level
during the latter half of the run, while blood volume ap-
proached its baseline value at this time. The overshoots in
Hb and CBV following return to | G (panels A, B, and D)
were virtually abolished by use of the AGSM. While nut
illustrated, a simultaneous recording of anti-G suit pressure
allowed the inspiratory gasps of the AGSM to be timed, and
this showed that the ripples seen on the cerebral blood

02 Avrgtien. Space and Environmental Medicine « March. 1988
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volume tracing (panel C) are of respiratory origin. Thus,
cerebral blood volume increases during each strain, and
starts to fall approximately 1 s following the onset of an
inspiratory gasp. Cytochrome ¢ oxidase showed little or no
change during the acceleration exposures, but there was a
transient reduction upon return to normal gravity following
the first two runs (panels A and B),

Illustrated in Fig. S is the response to a simulated aerial
combat maneuver (SACM) in which plateau acceleration
alternated, every 15 s, between 1.5G. and +7.0G:. The
subject wore an anti-G suit and straired as necessary to
maintain central vision. The record shows a stepwise in-
crease in Hb and a similar fall in HbO,, although cerebral
blood volume had a tendency to recover and stabilize duning
the second plateau at +4.5G: (arrow). The final +7G:. pla-

Fl; alho ;ll;eiliort a grudJc;I -
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Fig. 4. Recordings as for Fig. 2, but rapid onset rate (1.0 G*s™') runs 1o + 5 Gr, subject 0G. Pane! A: unprotected subject with
minimal tensing experienced £0% central light i0ss. Panet B: anti-G suit, minimal tensing; 50% peripheral Ilgm toss. Panel C: anti-
G suit, anti-G straining maneuver; no light foss. Panel D: as for panel A, but onset rate increased to 5 G*s™'; 100% central light
toss and subject ctose {0 loss of consclousness.
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teau produced a greater fall in brain blood content, and the
subject terminated the run at this point as he could no
longer maintain his central vision. despite straining. Cyto-
chrome ¢ oxidase also showed stepwise reductions, the
lowest value being seen as the run was terminated. Heant
rate, on the other hand. remained effectively constant from
the end of the first +4.5G. plateau until the end of the run.

Subjects also performed Valsalva maneuvers while seated
at rest, two such recordings being illustrated in Fig, 6, The
lefi-hand panel illustrates a well sustained, but not very
forceful, maneuver (subject MK). As intrathoracic pressure
was raised, cerebral blood volume increased, the increase
being contributed to by both Hb and HbO;. No change was
noted in cytochrome ¢ oxidase. Subject DG, on the other
hand, performed a very energetic, but brief maneuver
(Fig. 6, right panel) in which Hb contributed the entire
increment in blood volume, and cytochrome ¢ oxidase
moved towards reduction.

Finally, illustrated in Fig. 7, is the effect of breathing
hypoxic (9% O, 91% N,) and hyperoxic (95% O,, 5% CO,)
2as mixtures. Hypoxia caused an increase in Hb, a fall in
Hb0,, and a reduction in cytochrome ¢ oxidase. These
changes were reversed by hyperoxia, 5% CO; being added
to pruvent a cerebral vasoconstrictor response. The subject
was on this mixture at the start of the recording, and no
significaat alteration in blood volume is seen until the final

ne ey s Eaveranmergt Moeine s March. 9SS

change to breathing air. whereupon the cerebral blood vol-
ume falls. During hvpoxic. or CO»-induced. cerebral vase-
dilation. cardiac pulsations arc apparent in the blood vol-
ume and HbO, traces (Fig. 7).

DISCUSSION

The OMNIi-4 equipment was found to be easy to set up
and operate and, moticn artifacts excepted. gave no prob-
lems, Stabilizing the optrodes was found essential whenever
a change in G vector occurred. as with head movement, or
centrifugal acceleration. Obviously the scalp is frecly mobile
on the skull and offers inadequate stability; but, while the
dental bite offered an efficient remedy, a more acceptable
long-term alternative should be sought. Subjects also com-
plained of discomfort from the optrodes, though the pres-
sure needed to achieve blanching of the underlying skin was
acceptabie for up to an hour by our well motivated subjects.

Figs. 6 and 7 illustrate changes resulting from two well
wabhshed procedures having predxctable effects on cerebral
hemodynamxcs A Valsalva maneuver is known to cause an
initial rise in systemnc blood pressure which subsequently
falls"as venous return is impeded by the raised intrathoracic
pressure. The raised arterial and venous back pressures will
tend tc increasc the blood content of the brain as demon-
strated. In the first subject illustrated, (Fig. 6, left panel),
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cerebral blood flow was not apparently compromised and
the brain's oxygen sufficiency was maintained. With the
more forceful mancuver exerted by the second subject, (Fig.
6. right panel). cerebral blood flow was presumably im-
paired. Thus. blood in the cerebral microcirculation became
proportionately more reduced and the brain cytochrome ¢
oxidase also moved towards reduction. As shown in Fig. 7,
recorded from the same subject at the same amplitication,
the degree of reduction was comparable to that following a
change from breathing room air to 9% O..

An increase in HbO, was seen when changing to aa O,
rich breathing inixture (Fig. 7). and aiso during a prolonged
Vailsalva maneuver (Fig. 6, left panel). The former increase
must represent an overall rise in O saturation as it was
mirrored by a fall in Hb content, while the latter presumably
reflects a risc in the volume of blood in the cerebral micro-
circulation due to increased venous back-pressure. Thus,
Hb contributed more to the increase in cerebral blood
volume than did HbQ;; so that. overall, therc was a relative
desaturation of blood in the transilluminated field. This
effect was even more pronounced during the brief, but
forcefu!, Valsalva maneuver illustrated in Fig, 6. right panel,
during which the increase in cerebral blood volume was
solely contributed 10 by Hb,

The pattern of blood and cytnchrome ¢ oxidase chaiiges
observed in the forebrain during centrifugation needs to be
considered in relation to zcceleration’s known cardiovas-

AW
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-

m/\’b\"'\/-\'-\.\’ Www/\o\

Fig. 6. Valsalva maneuvers at 4 G: sublect MK, left panel; subject DG, right panel. The four signal channels are 1o the same scale and
show changes in Hb, HbO3, fegional cerebral blood volume (CBV), and oxidized cytochrome ¢ oxidase (Q.0s).

cular and pulmonary cffects. Exposure to +G: causes a fall
in arterial pressure at head level due. initially. to hydrostatic
pressure differentials and. subsequently, to impaired venous
return and cardiac output (2). Acting in the opposite sense
are the baroreceptor reflexes. predominantly from the ca-
rotid sinuses. which induce compensatory vasoconstriction.
tachycardia. and an increase in blood pressure at heart level.
Vision is impaired first peripherally, then centrally, as arte-
rial pressure at eye levels falls towards intraocular pressure.
while cerebral blood flow appears to be rather well main-
tained until arterial pressure at brain level falls to near zero
(7). In addition. G-induced inequalities in the distributions
of blood and gas within the lungs cause arterial oxygen
desaturation (5).

The most consistent tinding of NIR spectrophotometry
was the loss of HbO: from the cercbral microcirculation
seen during each exposure 10 +G: acceleration. The mag-
nitude of loss was, on occasion, greater than that which
followed a change in breathing gas from 95% O; and 5%
CO.. t0 9% O in N, (c.f. Figs. 3, 4 and 7, which were all
recorded from the same subject). The magnitude of the
HbO, loss was also affected by factors known to modity G
tolerance ang, presumably. the O, status of the cercbral
tissues. Thus, the fall was lessened by wearing an anti-G suit
(Fig. 4. panels A and B) and even more so by maximal
straining at +5G: (Fig. 4, pancils A and C). The fall tended
1o be progressive during a simulated aerial combat maneu-
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Flg. 7. Response o hyperoxic and hypoxic brealhing gas mixiures, subject DG. Recordings as for Fig. 6. The subject was

breathing the hypetoxic mixtute at the start ot the recording.

ver (Fig. 5). despite a temporary relaxation in the G stress
from +7.0 to +4.5G..

The blood volume detected within the cercbral microcir.
culation reflects the sum of changes in the Hb and HBO,
contents, on the assumption that no significant short term
changes accur in local hematocrit. Sustained +G: accelera.
tion does cause hemoconcentration in man (4), out the
cffect is quite small—4 10 3% afwr 5 min at +4G;—and so
irrelevant in relation to the large and rapid changes in total
hemoglobin content scen. for example, in Fig. 5. Such
changes may, therefore, be taken to indicate changes in the
volume of blood contained within the cercbral microcircu-
lation.

With a gradual onsec of acceleration (Figs. 2 and V),
cerebral blood volume first started to fall at about +1.5G:
and. thereafter, fell at an increasing rate. The maximum fall
seen was about 0.7 */,, which represents a decrease to about
one-third of ihe control value, though again it must be
stressed that absolute figures could only be obtained by
making control measurements following total exsanguina-
tion. This two-thirds reduction in blood volume is surpris-
ingly large considering that a maximal degree of local vas-
odilation would be expected as cerebral blood flow became
compromised; and, to some extent at least, the fall in
transmural pressure would be compensated for by a decrease
in cercbrospinal fluid pressure (11). That we are seeing a
true physiologicnl effect and not a G-induced antifact is
confirmed by a number of observations. Bloud volume was
not simply related to G level, but was influenced in a
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prediciable way by several factors known 10 affect G toler-
ance; the degree of fall was reduced by intlation of an anti-
G suit, and virtually abolished by an ani-G straining ma-
neuver (Fig. 4. panel C). and swings in cercbral blood
volume were scen duting steady acceleration which were
related to intrathoracic pressure (Fig. 4. panet C. and Fig.
6. doth panels). Furthermore. cerebral blood volume could
return to baseline when its components, Hb and HbOs, were
still considerably offset (Fig. 5). Finally, in runs in whicn
the subject was blacked out and approaching loss of con-
sciousness, return to | G was accompanivd by an overshoot
in blood volume indicative of a reactive hyperemia (Fig. 4.
panel 7). Such a response has been described in experimen-
tal animals afier ¢cven brief obstruction of cerebral blood
flow (6).

A differential effect of acceleration on the brain content
of hemoglobin versus oxvhemoglobin was perceived in
many of the recordings. A common feature was that both
would be reducod immediately after the onsct of accelera-
tion, but Hb would then increase while HbQ: continued 10
decline (Fig. 4, all tour panels). Furthermore. returnto | G
would usually produce an overshoot in the quantity of Hb.,
while HbO, remaincd below its resting value for 30-60 s.
This effect is seen in Fig. 4, panels B and C. and is clearly
demonstrated after a simulated aerial combat mancuver
(Fig.-5). It is not possible to estimate oxygen saturation tfrom
the recorded data since absolute vatues of Hb and HbO; are
not known. A risc in Hb and a fall in HbO; at a time when
blood volume is not changing is. however, most readilv
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accounted for by desaturation, for which two mechanisms
are likely to coexist. Pulmonary shunting induced by accel-
cration cuauses a fall in the oxygen saturation of arterial
blood (S): and a decrease in cerebral blood flow with main-
tained oxygen uptake will cause a fall in the oxygen satura.
tion of captliary and venous blood within the brain, O,
uptake may also be increased locally following a period of
hypoxia. Since NIR spectrophiotometry appears to be biased
towards the venous end of the cerebral microcirculation
(presumably because more venous than arterial blood is in
the transilluminated field), any of these mechanisms could
account for the observed changes. However, a slow return
to normal of HbOs in the presence of a profound hyperemia
(Fig. 4. panel B). and despite the near nonmal blood volume
achieved by use of an anti-G straining mancuver (Fig. 4,
panci C), suggests that arterial hypoxia probably plays a
significant role. Following the simulated acrial combat ma-
_neuver _(Fig, 5)._HbO,; had barely started to recover 50 s

after return 1o 1 G, a known feature of the arterial desatu-
ration provoked by shunting and acceleration atclectasis (5).
This phenomenon is enhanced by the inflation of an anti-
G suit (which reduces lung volumes and promotes closure
of basal ainvays), so accounting for the different recovery
patterns seen in panels A and B of Fig. 4.

Changes recorded i the concentration of oxidized cvto-
chrome ¢ oxidase are less easy to account for, as they were
not consistent. This chromophorc is more difficult to detect
than the hemoglobins for several reasons. First, as can be
seen from the recorded noise levels, a higher gain is needed
for its detection (there being less evtochrome than Hb per
unit volume of brain tissue. and its NIR absorption is
weaker): and second. reduced evtochrome does not absorb
in the NIR. While the quantity of cvtochrome per unit
volume of brain tissue must stay constant. the transillumi-
nated field could enltarge as hemoglobin drains away and
the tissue becomes more translucent. Furthermore, a small
mechanical shift of the brain could occur under G which
would also attect the cyvtochrome signal more profoundly
than the blood signals. That the problem is refated specifi-
cally to acceleration is suggested by the observation that a
consistent physiological relationship between cytochrome
redox status and the Hb/HbO, ratio was seen under other
conditions. such as breathing of hypoxic or hyperoxic gas
mixtures (Fig. 7. and Ref. 10). Furthermore. the use of
similar NIR measurement techniques has proved satisfac-
tory during anesthesia {3) and in pre-term infants (1), other
situations in which the G vector would have remained
constant.

The response of subject JW to an SACM acceleration
profile (Fig. 5) is of particular interest. in that this exposure
most nearly matches an operational environment; and there
is some speculation as to what extent recovery in physiolog-
ical function can take place during periods of lesser, al-
though still raised. acceleration stress. White cercbral blood
volume tended 10 recover when the stress decreased trom
+7 10 +4.5G: (Fig. S, arrow), the returmng blood contained
more Hb than HDBO, and cyvtochrome ¢ oxidase continued
t0 move towar ds reducdion, Alse at the conclusion of tiis

fun, blood volume was rapidly restored: but. HHO, re-
mained low and the oxidase reduced for a considerable
period, presumably because of the development of accelers
ation atelectasis with maintained right-to-left shunting in
dependent regions of the lung. Obviously, the techuigue of
NIR spectrophotometry would be of great value in studving
the response to other SACM protiles.

While loss of consciousness was clearly approached on
one occasion (Fig. 4. panel D). no changes in OMNIL4
outputs were seen which would have differentiated this run
from another (Fig. 4, panel A) in which the cerebral circu-

subject (DG) who failed to show consistent cytochrome ¢
oxidase changes. however: and further studies are required
to improve the instrumentation response to this chromo-
phore. Nevertheless. the three blood channels not only
furnish a great deal of information relevant to the oxyveen
_sufficiency of the forebrain, but also provide a valuable

aonhinvasive ool for tuure aeromedical research,
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